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MRRBRY. RE&ETY sk zmRCEFEEER ATk E: BWEETH @D
ZHRERCEFHEERMARABRE, 4, BA/MBES: RNGARTE Y, hEMREE
SEEHEREERW, MAREERBN ‘RAERBR" o £180—550°CRE EEN, AR
BE&GTREHALX-LEARMVES EERFHRAD: 1000n0m—x = 3.306 X 10°772—2,71,

EEE. ERLESE BRN

B19644EL0%, A #EWennor 2 (1971) | Clayton % (1972) . Shiro % (1972) .
Bottinga%: (1973) , Becker®: (1976) , Matthews & (1979) . Matsuhisa % (1978,
1979), Kawabe (1978), FKEEW| (1985) , {iTMREARHLBILRME, HET—F
FlaE-kZBRARCRE@ERAGE, B2, XS HSEZAEEENERREE, LEy
Wz RIARMLEBIEALERMERRERETLA LA/ &% il Be R R R EEL
HERl (Taylor, 1979) , b, HAILFME AL W2 Bl A R E2BERNERA
. ATEMA>BEERAROERTEABRANENS:, 8 ZEkiEL B Rigs,
R 4R REERBEMHE R, Clayton (1972) fiMatsuhisaZs (1978,1979) {EfytR
Mg, BRSBTS, AN AE- K BER R B TR THAEEA N
R, FHE T Bottingats (1973) SRR HTIRAME, {H5Becker (1976) MIEIELL,
Beoh, Mattews (1972) k3, RREBRERAKXBENE (» , LBRERIEE TR E(COT)
RIS, 1£256°C, £~k(CO3~)"", ZF465CH!, &~k(CO;~1'~, HrRuliREH, Matt-
hews% (197)5H, MEMBIEAAREZABERKERGER, BLRKHE BEKRERE
RSB/ MY EIEM, (B2, 0B hMBMR G, BRI £ AR
B BR. EFRIEE TEBOPEEMSR P B #k Truesdell (1974) et #t RIBFge, I
B, HHEHEAHRTEETS, EEERETRENRA £ £ % K, 8 2, Kendell %
(1983) MyKEHEIERY, 1£275C, REF4molfyiFikt, REXNFMAE 5k ZHWER
PR P EIE LN, W, A3k RS RS 00 W —AF [E (Ma-
tthews, 1979), B&E BEFHA T, H4H OHAHESYkZ AARMSEEE %
INF10% %A, HEEMRIK (Clayton’®, 1972), XEEMipRCBFHEMSBH AT Y, ¥
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MR, FEr @ TR, ERMNESERRHENF SR ZERLR, k/&
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BNV ETHARM RS BIEN LR R EIE180—550 CIRERNAT, HEERBRAE
SafERA#TR. RMNYEBHETHEORREERE. @4LEMORBENEW, JRINKE
BT R ERA E-KRER GRS B AR,

— ERTH

1. 53R MBAFINERMCEHARIIERE 1 d, AEHZEETFAK, BR, RIER
FrRGRBRNFREEERARTLRRNTZR (Clayton%:, 1972; Matthews, 1979) ,
HIBIR 4fEded R T2 ih, HEXF40%, SELET0%.

1 EHELRAR

Table I, Oxygen isotope composition of the reagents

E K % r B 3180 (%) % #
Y +33.32 FEMRNERACO- H.0F 858 (Epsteinfl
K S -8.15 Mayeda, 1953), 3IEF|HFriedman A (1977) 1
G —~5.96 SERE ,,(_2‘5___21_04120
C +14.80 WAL AT 3 pmy, CHy L¥EHRIEAIRERE, J 4R
ZEAE (D
J +34.55 A HIRE R

®2 B & 4 HB

Table 2. Compositions of the solution

% ® x@ # B X #
(Wi %) ) | gs® | mom | e (mg) i@ B f
5 300 F 15 25 300 Cl 25
K 15 c) K 70
1
¢ 15 40 500 (A) F 100
25 300 (A) F 37 K 66
. 26 Cl 34
(B) F 133
Cl 12 cl 67
(B) F 50 Cc) K 200

O YKHERN200mgR400meht, HNERIELMSFRDORE @ F K. ClEBIRENaF KCIFINaCI

2, ZBHAR., ARINGLEHD, BRELE AR H30—40mghE L K 200—500mg
W (BBRTHRE., SEREREKE #HTAHABRSmmE4—~6emp s & SURE S, BK
Rtk BEhowt, %, Swt. %, 25wt. % fiidowt, %Y NaCls/ENaFs;/RKCl, B 2RSS E
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MALRAEEAEREHBEE PN, HEMEROBREAR TS, SREERE

HEhl S FDWEK-702%8 B3R O3l CREEH£0.5C) , HHBRBET 54, WEMS
MsE P BERHL SR, KBRERE, SESVEBASKBEH, SEBREHRELRNE,
MY EFT A B, HREBAS/ RIEAERBRE R, SIFRA120CHARET,
B B B GO X-S AT M o b e, K [ KR 4 3 % A LRCR E0.02k
k/J\E’J,uaa#tE%, i 461 ] o L 772 4 i A T 2 T SO,
3. BEMEST: AR REMHRBURACIayton (1963) ik ikt R, M)A
i E AR RSO B AHCO, , MIE AR L E orbr . AR R o7 RAEMAT-251 S L5
BRI BB A BB Ve T B EFELASMOWR R, 7 TAE bR NBS-28 (3'*Osmow = + 9.57%0)
FIULFHAERRHE (3"%0snow= +11.13%) REE, WMi%E & & i V-SMOW#n SLAP 2%
YRR EWEFEr, WAAERERENE OE MBI EARGRTFLH £0.10%(19),
U B & RE IR AR AL RE R B R AT T S,

4. B8 WREEMTRLL 0 G dnin, W o= [SE00E 1 ] 10008,
E 3

S BRB s BARIBEATIBHFR 2 8] Of 0k B & LY, @a-3 = (*0/'°0) 4/ (1*0/*°0) 5,

BT RENT HW—AZ AN BERRSEFABREEFREBELENESHEST BE
#: 1000lna=A410°T-2+B, H, TAHEMRE, A, BEYAEL.

A, 4;= 8804y — 8'80%, 4;=0""054— 0'%04, 10 ¢ =JR%R, [=%JE, 4~1000lna,
aREBEARAZGER Z B> ERE.

—. GiR5WE

7£250°C,, 5P T 1 240.7—0.8kb, EhEESrBI40,5, 258 40% B9k R, FIAPREE B
SRARGEAREEMBERS KR E, HER 620 % R LEmRmMR, LER
T 3 MFERTE 1 —E 3 H, 4@5‘&@'118’3E%R%THEHHIEW%FMEMQ{EMB’J
%L,

RSk AERNERREBERERTE 1 b, ME1EFH, E/AT0/NTHE
ARETERREEEG, B, MERMMHANERK, WER 0/ E, AREEER
BOESLRE L (LE 1) , 5k, BEFERRERE, bidtimk, 58T EF
WA, XS MR IR R, dik b R A MR RREN, LRERBRAETEVRE, &£
R FFIEOY L, TR M RE vk 4k E 8, HBG R SEE R R R R], SRR R S e £
FEEA, BRiBNMRREEE (L320CH) . Bk, 0 #-dik (Blamk=k) ZiFHs
HetE AR T 250°C FHEF AT RS A B8 P85, X —& R M4 Saltonsea Hidhik RBFFLES
# (Clayton, 1968) o {02, i RBARXITE,286/M i —~HRREITILERE «. 4
6.07%, BIBICTiibatETEAE, HEREPHEEN, B &, X—HR f£Matthewss
(1979) fRIEH TR P H R,

A6, HmERR A ZAEA: M TAERAESRPERMLES BN, HammE
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Table 3.0zygen isotope equilibrium exchange of synthetic quartz from silica gel at

different ealinities and 250°C

el
zns | B | gp® | @ %ff%) drm | mes | UM R® ) 4O ?jf?%) - drm
161 34 C Y 0 —7.16 142 32 C G 5 NaFPF 11.46
219 286 C Y 0 —3.05 211 304 C G 5 NaF 9.28
205 123 C S 0 11.93 65 6 J G 5 NaF 26431
183 33 C S 0 17.20 88 90 J G 5 NaCl 11.11
201 33 C G 0 15.17 200 133 J G 5 KCl 10.08
224 | 286 c G | o 11.52
192® 80 J S 0 10.36 169 34 C Y 40 B 8.86®
91 22 J Y 40 NaCl 16.37
164 34 C Y 5 NaCl 4.60 125 246 ] Y 40, A 13.98
209 123 C Y 5 BaCl 8.63 109 40 J Y 40 C 9.45
212 304 [ Y 5 NaF 8.92 168 34 (o S 40 B 9.23
85 48 ] Y 5 NaCl 17.61 121 22 J S 25 A 21.97
90 76 J Y 5 NaF 16.60 157 34 J S 25 B 9.59
208 123 J Y 5 KCI 10.15 87 70 J. G 25 A 9.51
@ REIFE2 @ drm=4.=1000Ina; @ 4320°C
B 1 7E250C. 320°C DA R SpERARHED. 7T—
0.8kb T, Hik-SIOMFRA RKBAR el
1000Ina, RFWIEAHBRE, Tdrnd K ELIEH b
B{Hs G250y %e320RTE250C FI320C I & HARK ¢
(FE4) c-s )
. C-G%2
Fig. 1. Results of synthetic experiments in g | OSR\% 20 .
. L \ P 1517 "R 411,93 11,52
pure water-SiO; system at 250°C, 3207C i 10 003 T TTTm——moes . I
and under external water pressure of 0.7 - J-y| e
—0.8 kb. o -
- o -3.05
10001n&; stands for initial fractionation factor, ~1ot LR
Arm for determination after reaction, and a.z3 .// ;:: gz
and@ 4330 for fractionation factors at 250°C and CoYe % 7% 300 4

320°C respectively (see Table 4) .

BN B B AR AR T E2AESH, BN, HEAK, ZLFEEFFREL sk
Ko IR EERswt, Wi, o — o,k T20% 50 F, E&H RS 100h, BARZIFKL
B T /AN T-20% 6, IR F1100h, {H £, 23k B h2sFudowt. % it, FEHPTER E A 500,
Clayton% (1972) RHHERARAGIR, HEEAdwt. KEER250CEMFT, i gkt
R H22h, XBREHN K — 2, <5%HK. '

FEE 2 f0l 3 b, RIVETHH, 4,(J-GHC—Y) 54,(C—6) MLk, AR
Awt.5%, WHEMEREE haowt. % KUk, BT FENALEER, XERHR4(J-GRC-Y)
BRERGS N, EAEENRE, M4,~0%5 250CH, 4,76 R FFREAW B mmr i
AR, BARRERPIRY,; WG EER, 4,8 BEHFLELFE Hae, XFH
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B 2 fE250°CHISMEEAEO. 76010, 8kb F T,
7k-si0~Eh (5wt. %) hARFARETRER
(AR EIFELD
Fig. 2. Results of synthetic experiments in
water—SiO;—salt (Fwt, % ) system zat 250°C and
under external water pressure of 0.7—0.8kb

(symbols as for Fig. 1 and Table 1).

B 3 7E250°CRISMEBAIED. Tkb 1 0.8kb4RHET

Kk-Si0.~%h (25—40wt. %) RAF AR LHER
(EFIRELED

Fig. 3. Results of synthetic experiments in

water—SiO;~salt (25 to 40 wt,%) system at

250°C and under external water pressure of 0,7

to 0.8 Kb(symbols as for Fig. 1 and Table 1).

B 2R 5 Clayton® (1972) LARMatsuhisa®s (1978) #REWo¥E BHAH Bl B2, 3
Bk 3 PR ERY, FHRMEREAZIEMAELH M,

PR, mBEWEERBERSEREEEMARMEZEIBEM, Mo, 2@BABEHM
T R S B A (K., #EMatthews®% (1979) #iE, FE360° M465CRESRMT
KRV R R A XM, AT, BITXSH, E265CEET, MR S8 ARG
U B R R BT A, X — AR Ea TAINRAETBXFIHRN am=a,/(a;+ (1+a;)
cexp(V:/D)J FH, atm, aMas3pRhME, FEHEORBEE- KBTI BRE, Vi
AR, DAKEE TV R R, D NernstiXKBIEB, Bk, BMNREREARERE
R FEARBRERR D, B2, REBRNE 2 R, KW 4 AXFBEERAEIX K,
ZBEHIS, PERMARFETE (C—Y M Matthews FHEER (1979 , ClaytonFHMHZ
(19723, RIF M EH C—G, J—GLLRClaytonZfyX(1972)) Hyimk., Kk, Matthews
& (1979) Prifis OB B o I () 38 hn im0 B4 R R Bt 3 hn, i /T 100hI 3%
HirBRLTFERR (WMatthewsS X EFE?2) ., HRBRER, HREFBERPHELR
ZUAR 180,

Z8b, Matsuhisa% (1978) %[BT R FEBH HANE, ERINHERUE S, &
R E R AR BT AR T B BB R BRI R Ak R R R S 3 ik 3%, K., (H&, R
£ 3k, RURSHRAITIERTERESBAR, BERELEAE T (W50CRET ,
WAESEL® (LT30 .

F—% R EE Truesdell (1974) gy, MIAEFG THERPEBE MR, %4
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Table 4. Equilibrium fractionation coefficients of quartz-water solution under the
pressure of 0.7—0.8 kbar,

;ﬁ% E‘ih) H # }H 10%1na
REE 7k HE Wt %)
167 180 206 c s 25, B 13,46
211D 304 ] G 5, NaF 9.28
2129 304 c G 5, NaP 8.92
186 125 c Y §, NaCl 9.10
213 286 c G 25, NaF 9.83
1579 34 ] s 25, B 9.59
87 250G 90 J G 25, A 9.51
109 40 ) Y 40, C 9.5
128 76 c G 40, A 9.66
168@ 34 c s 40, B 9.23
169@ 34 c Y 40, B 8.86
9.34 % 0.30(10)
104@ 48 ] s 5, NaCl 6.57
110® 48 3 Y 25, A 6.25
96 52 3 y 25, B 6204
144 320G 32 c G 25, C 6.92
155 48 ] G 25, A 6.68
1329 48 c Y 10, A 644
6.48%0.25(19)
19 18 ] G 25, A 5.95
124 350°C 60 J G 40, A 5.77
5.86 £ ~.08(10)
196 104 ] G 5, NaCl 3.61
165 450C 30 C Y 25, A 3.57
3.50%0.02(10)
62 15 J G 25, A 3.14
25 500°C 14 ] s 25, A 5.32
3.4
108 24 ] ¥ 5, KCl 1.29
181 48 c Y §, NaCl 1.20
206 104 c s 5, NaCl 2.73
84 48 ] G 5, NaF 2.91
75 48 ] G 25, A 2.30©
3@ 550% 24 J Y 25, B 1.54
1349 24 J s 40, B 2.08
1269 24 c s 40, A 2.74©
129 24 c G 40, A 3.30©
133 16 J s 40, C 2.94®
1.96%0.67C10)

VPROONMOLHER~REEHN, ORBAVH, BHAXFHR
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thF SRR EA0. 7—0. 8kb &M T —RFIGBRERMER. EXELE b, K BB
K, MmiNaF KCIfINaCREFE R ERZMM, H—REX P2 g3 T ERERAEXIPHELR
i, FFRIAER L, #& 4 RRERA, hREKSRAXIA NN MARF A RETIRE.
e, W HBRER N Truesdell (1974) FritigiIR R BN AR A R DR AW &
Mo MR APEBRI, 50 CRERMET, AXMAZAMNENEARLE X 2BERBER
HyBEr, HIA1.233.30%., RUIR, RAFEL#HE AMJ-YMC-Y) W ERKWRKT
ERK, BIRFEET1.5%, MERMBKRT2.0%. BREX—ERTEEbIFER IR
FHRB B, H— A ERA A F RN, X — N B0 Bk VLR IR AR, i IE 1 T ok
VilRE. Ak, Bl HERKR m(J-YMC=Y) FiER (C—SfJ—-G) FHi& 3 Mg
HESE (1.96%) , fESH550°C R BLEBE T 45 [H, Wikl T4 AE RPEHERERS AL
®,

= Rk ZRR R T i

fat 1R, MBELRR. BSHURLBHN 2, SR BT —RFIAEHE-K
AR R B2, ELOERERRR LIS BEREE(—K<Bwt. %) KT HREN, 2
T M BT I M R B AR A B TR 40%6, Bk TE RATHO RIS, BR 25 IR MR i MS—40wt, %,
BAIOERINER 4 h, RI\BE 4 HBRMEH T1000lne -T2 (&4), FTAREAERE
BifSdk R, BB/ _RAGEHRENRESERA

1000ln@g-11,0=3.306 X 1057"2—2.71

e/ 4, AETFE, BAVELHE TWenner® (1971 M R #kE & BHREH
LA B Bottinga &% (1973) WA I 2 FAE K2 EHEL, o, & & 35 Becker
% (1976) HEBRHARBNMELLR AT LARAEP IR LELENERE B K T500ChH
fh35thsk, 55l Clayton% (1972) ., Matsuhisa% (1978,1979) fiMatthews%:(1979),
Er &A1t Lk fnBecker s (1976) Mydh£ksh, Hibfhsk CHMatthews (1979) {EiLiFHr,

BZ, Mo FEkEReREMIL, EARAURENIBAKGME, XOF &
Hge s fud PRy (O'Neil%, 1969; ClaytonZ, 1972; MatthewsZ, 1977) , WifEdlizkvh
HIER 4 2R H Al 1 45 R IR I 2 18 R 8

ME4 AR, BigEEE LB Z 8RB —8 M4 H i e BB Z KA,
BREE, WMEEFEFLRMMRIEEEE, UETERLRRELIE,

BRABEMNOARLEBEA L ARESRZZHA—KMLBERE, HE, ®RIMGER
XBRTHAARZELERHEEHER. BE, TOGESBIEfBEBI R AR K& R
A, JLPAoEldowt. %, RFEZEIARKET 4 EHER, Hk, & B geihs:
U 8 R B N TTRESE BOO R B ALV 2 bR T 1 72, BRIk /B R B e A LI Rk BBl
B, RyERELFGRIEERZHRE,

Bk, HAIMEIBLE.

OEREEE (<250C) KA, AXSEKZEEGRRINA K ATREA B E R
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4 F£180—550°CREERMAIM
R ZIEI AR fr R @i 2%

R R R R, ARHENZEEAR
BERRZFHS BREIRERE. FHERE
RBERBREERH—E
Yig. 4 Oxygen isotope fractionation
curves between quartz and water
in the temperature range of 180C to
550C.

(Curves by other authors are also plotted.

1000[nogq_no

Data points and error bars reported by this
study represent average fractionation factors
and standard deviations. The mean standard
errors are approximately a half of the indi-

cated error bars).
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Rye%:, 1966, XfZVHEFProvidenciaf " BRIGWIFLEER) , WiiZD IKAGEE B s fb FE BBl A4 . 8—
40wt. % (FH%NaCl), &FifAmMm, BV HaE&RsE % FH.0, CO,,CO,CH,,OH, NH,
%, Wi, ERRBESRET, BhRoZRRMEESERBORERLH SR,

Ft, Titanfl, B4 4 JLB M ELBTEN,

AREEHK ARFZEETE (4860149) —“AE-FAH-B B/ -kBEREARMS
SBWR—Es. RBIEE, BRERNREESR IR MNESESESEAR LS
FTTALES, BER/DMIBINT H0 LR RN, EEER—HBLARERN RS,

&% X ®
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OXYGEN ISOTOPE FRACTIONATION IN THE QUARTZ-
WATER-SALT SYSTEM
Zhang Ligang, Liu Jingxiu, Zhou Huanbo and Chen Zhensheng

(Yichang Insistute of Geology and Mineral Resources, Chinese Academy of Geological Sciences,

Yichang, Hubet)

Abstract

Oxygen isotope fractionatin accompanied by hydrothermal crystallization

of quartz from silica gel at 180°C to 550°C and under salinities of 0, 5,25
and 40 wt. % has been studied to get some knowledge about the effect of
the salinity, A; value, reaction mechanism and temperature on isdtope fracti-
nation. The data obtained suggest that oxygen isotope equilibrium between
ailica gel and pure water at low temperature cannot be established. Factors
affecting the exchange rate between oxygen—bearing phases include the sali~
nity of solution, A; value and temperature. The authors do not agree with

the conclusion on salt isotope effect put forward by Truesdell (1974).

The temperature dependence of oxygen isotope fractionation between qu~

artz and water at 180°C to 550°C and salinities of 5, 25 and 40 wt. Y%are as

follows:

10001n@g-1,0=3.306 X 10°T-2—2.71,



